Objective: It is well-known that migraine attacks can be precipitated by various stimuli. More than 50% of patients with migraine with aura (MA) know of at least one stimulus that always or often triggers their MA attacks. The objective of this study was to expose patients with MA to their selfreported trigger factors in order to assess the causal relation between trigger factors and attacks.
It is well-known from clinical experience and research that migraine attacks can be precipitated by various stimuli. According to a large study, 95% of patients with migraine can identify factors that may trigger their attacks. 1 Many studies of trigger factors in migraine have been published and a wide range of trigger factors has been identified. However, most of these studies are retrospective surveys and thus susceptible to recall bias. Naturally, when having an attack, patients will think back to identify possible causes but, just as naturally, patients rarely seek confirmation by exposing themselves to suspected trigger factors. We recently found that more than half of patients with migraine with aura (MA) know of at least one stimulus that will always or often precipitate their migraine attacks. 2 The trigger factors reported most frequently were stress, bright light, emotional influences, and physical effort. Most patients are, at least to some extent, exposed to such factors very often, but the attack frequency in MA is relatively low. 3 Thus, prospective investigations are warranted to clarify the relationship between the reported triggers and the occurrence of migraine attacks. Diary studies of precipitating factors could be informative but also challenging. It would, for example, be difficult for patients to record every occasion of being affected in some way by sunlight. In the present study we wanted to overcome this challenge by applying a more direct prospective approach, namely that of provocation, by directly exposing patients with MA to their reported trigger factors. To our knowledge, a migraine provocation study with the purpose of confirming such "natural" (i.e., nonpharmacologic) trigger factors in MA has not previously been conducted.
METHODS We recruited 27 patients with migraine with typical aura according to the second edition of the International Classification of Headache Disorders 4 (17 women, 10 men, mean age 40 years [range 20-69 years]). The median MA attack frequency was 12 attacks per year (range 1-144 attacks/year). Thirteen patients were diagnosed with MA only, while 14 also had a history of migraine without aura (MO). Prior to inclusion, patients gave a very detailed description of their aura symptoms. Attack frequency and known trigger factors of migraine with aura were recorded. For each trigger factor, the patients were asked to grade the factor on a 5-point scale depending on the likelihood to precipitate an attack of MA (0 5 never, 1 5 infrequent, 2 5 approximately half of the time, 3 5 often, and 4 5 always). This rating scale was adopted from a previous study by Hauge et al. 2 The patients had a general medical history taken and underwent a neurologic examination.
All patients experienced visual symptoms. In some patients, visual aura was followed by sensory (n 5 10) and aphasic (n 5 4) symptoms. Patients reporting more types of aura experienced visual aura in every attack.
Nearly all patients (26/27) reported that their MA attacks could be triggered by bright or flickering light (46%), physical activity (38%), or both of these (15%).
Patients with serious somatic or psychiatric disease were excluded from the study.
Standard protocol approval, registrations, and patient consents. The Ethics Committee of the County of Copenhagen (H-KA-20060083) and the Danish Data Protection Agency (GLO-2011-9) approved the study, which was undertaken in accordance with the Helsinki Declaration of 1964, as revised in 2007. The study was carried out at Glostrup Hospital, Copenhagen area, Denmark, from January 2011 to January 2012. All subjects gave informed consent to participate in the study.
Experimental design. The aim of the experiment was to provoke attacks of MA by exposing the subjects to their self-reported trigger factors. For provocation, we used physical activity and photostimulation either alone or in combination. Patients were allowed to participate in a provocation session more than once. The primary endpoint of the study was the number of patients who reported migraine with typical aura (as defined above) following provocation.
Patients reported migraine-free for 24 hours to the research facility before the provocation session.
Physical exercise. Depending on their individual experiences, patients either went for an intense run (n 5 4) or exercised on an ergometer bike (n 5 14). Heart rate was monitored during the exercise session. For ergometer bike exercise, the mechanical resistance was increased gradually. Patients were strongly encouraged to exercise at maximum effort during the session. Maximum heart rate was calculated before beginning the session as 220 beats per minute age. All patients reached at least a heart rate of 80% of this value. The duration of exercise was 1 hour.
Photostimulation. Initially, a combination of 3 different light stimuli was used, in the following order:
A therapeutic lamp (for treating seasonal affective disorder)
with a spectrum similar to that of natural sunlight (INNO-SOL Mesa Mega 160 DIM, Innojok Ltd., Helsinki, Finland) positioned 70 cm from the subject, thus providing a light intensity of 10,000 lux 2. A xenon arc photo stimulator made for flash visual-evoked potentials (EM720, Elema-Schönander, Stockholm, Sweden) at frequencies ranging from 2 to 40 Hz 3. A 1,500-W stroboscope (DMX1500, AceTec, Wiesbaden, Germany), flickering at 20 Hz, reflected off a white wall After this stimulation, the stimulation type and frequency that the patient experienced as most likely to trigger migraine or most aversive was applied for the rest of the session. Each session lasted for 30 to 40 minutes.
During and after the provocation session, patients were frequently asked to report if they had any aura symptoms, premonitory symptoms, or other migraine-related symptoms. The patients were monitored for approximately 3 hours after provocation ended. If they had not developed a migraine attack at this time, the patients were discharged with a diary for reporting any aura symptoms and headache.
RESULTS A total of 32 provocations were carried out in 27 patients on separate days. The individual responses to provocation are shown in the table.
Five patients were provoked on 2 different days. Three out of 27 (11%) provoked patients reported attacks of MA following provocation. An additional 3 patients reported MO attacks. For exercise alone, migraine was triggered in 4 patients out of 12 (1 MA attack, 3 MO attacks); for exercise and light in combination, 2 out of 7 patients developed an attack of MA. The 3 patients who developed MO were previously diagnosed with MO as well as MA. None of 11 patients developed migraine after exposure to photostimulation only. However, one patient reported sensory disturbances in the left hand, left side of the face, and left side of the tongue without march. The symptoms were not similar to the patient's usual aura. Another patient experienced her usual premonitory symptoms of excessive yawning and restlessness following photostimulation but these were not followed by an attack.
Patients were generally exhausted after the exercise procedure and some developed nausea (n 5 5), vomiting (n 5 2), and dizziness (n 5 6). These symptoms were considered normal reactions to very strenuous exercise.
Light stimulation was generally well-tolerated but all of the patients found the stimulation unpleasant to some extent. For flickering stimuli, low-frequency stimulation of 1-5 Hz was reported as particularly unpleasant but nevertheless an aura was not elicited. DISCUSSION In 17% of patients who were provoked by physical exercise, with or without photostimulation, an aura occurred following provocation. This outcome suggests that MA can be triggered by strenuous physical activity, at least in a subgroup of patients. Since the present study could not be placebo controlled, it was difficult to determine if attacks were spontaneous, caused by the general study procedures, or caused by the exercise. The fact that none of the patients who were provoked by photostimulation alone developed attacks makes it reasonable to assume that the triggered attacks were in fact induced by exercise.
MA induced by various forms of physical effort is often reported by patients. 5 Some cases of exerciseinduced MA have been published. 6, 7 One study reported consistent triggering of MA by physical exercise in a single subject. 8 Thus, it seems plausible that exercise can trigger migraine, but the effect is probably not specific for MA and the causative physiologic mechanisms are unclear. A recent study showed that hyperthermic exercise reduces cerebral oxygenation, 9 which in theory could trigger a wave of cortical spreading depression, the supposed underlying phenomenon of migraine aura. 10 Provocation by photostimulation did not trigger any attacks of MA or MO. The photostimulation methods used in this study might be insufficient but stronger visual stimuli were not possible without a risk of retinal damage. Most of the patients considered the photostimulation adequate to trigger attacks and most were surprised that this was in fact not the case. All of the patients found the photostimulation unpleasant. Most patients reported that the afterimages resembled the early phase of their visual aura. Even though the patients claimed that light could trigger attacks, many of them could not recall a specific situation where light exposure had led to an attack. Nearly all patients considered themselves generally photosensitive. Many wore sunglasses frequently in order to prevent attacks. Patients who reported that sunlight consistently triggered their auras admitted that they were exposed to sunlight nearly every day and that they often had experienced intense sunlight without developing an attack. Generally, the patients argued that when they eventually developed a light-induced attack it was because they had been exposed to a special kind of light in a special kind of way. This exemplifies the problem of recall bias for studies of trigger factors, which is particularly challenging in the case of factors that are commonly present and not well-defined, such as light, stress, and weather changes.
In the clinical setting, patients are advised to identify and avoid possible trigger factors. This often causes patients to avoid a wide range of suspected factors. Our study shows that, in addition to identification, prospective confirmation of trigger factors is necessary. If no effect of avoidance of a suspected trigger is seen after, e.g., 3 months, further avoidance of the factor should be discouraged. If the relation between a suspected trigger factor and the occurrence of a patient's migraine attacks is not obvious, the patient could be encouraged to challenge the suspicion by exposing him-or herself to the factor, provided that the factor is otherwise innocuous. If no attacks are triggered after, e.g., 2 or 3 attempts, the patient should not be advised to avoid the factor.
While several pharmacologic human models of migraine without aura have been developed, experimental methods of triggering aura are not available but highly warranted. 11 Carotid angiography consistently induces MA and this led to the demonstration of spreading depression during the aura. 12 Application of this technique in modern experiments is obviously not possible for ethical reasons. Our present study shows that provocation of MA by light is not a useful method for experimental studies of the aura phase. Strenuous exercise induced an aura in 17% of cases, which is probably too low for technologically advanced studies such as PET of fMRI. Further studies should perhaps focus on chemical substances that can induce MA. Interestingly, Hansen et al. 13 recently reported that 4 of 14 (29%) patients with MA developed aura following an IV infusion of calcitonin generelated peptide but numbers are small and no other substances are known to induce MA. Experimental provocation by self-reported natural trigger factors caused MA only in a small subgroup of patients. Prospective confirmation is important for future studies of migraine trigger factors and in the clinical management of patients with migraine.
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